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ABSTRACT

The Defense Technical Information Center (DTIC) is developing a
Computer—Aided Instructon (CAI) tutorial course entitled, "Introduction to
DROLS Retrieval” in order to train users of its online information retrieval
system, the Defense RDT&E On-Line System (DROLS). This tutorial, a program
of interactive instruction which consists of a dialogue between computer and
learner, is intended to serve several functions: 1. It will present an
introductory overview of DROLS before new users attend classroom training at
DTIC or regional locations. 2. It will provide more experienced DROLS users
or users familiar with information retrieval systems with a means to
supplement or refresh their knowledge of the DROLS system and its databases.

In order to maximize the benefits of CAI to DTIC, this paper examined
three areas:

1. Learning theory as it relates to online information retrieval
systems., That is, how do humans learn these systems? Sound instructional
methods should be based on a knowledge of how people learn.

2, Learning theory and its applications to CAIL, UWhat 1is known about
learning theory and applications to CAI, expecially CAI tutorials, since this
is the type of CAI DTIC used in developing its DROLS course.

3. An advanced draft of DTIC'S in-house developed CAI course entitled

“Introduction to DROLS Retrieval.” Iastructional design principles utilized

{;f in the design of this course were examined.

ifj Recommendations are presented in all three areas.
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- One of the missions of the Defense Technical Information Center (DTIC) is
to develop and implement a training program for teaching users its online
information retrieval system, the Defense RDT&E On-Line System which is
commonly referred to as DROLS. !
If Training presently consists of trainer—guided, swall-group instruction
sesgions comprised of lectures, "hands-on" practice, and explanations of
relevant supplementary printed materials. Training may occur at DTIC
headquarters in Alexandria, Virginia, or at regional locations convenient to
users., Classes are three or five full-day sessions depending upon the
! terminal classification of the users: Classes for dial-up terminal users
are three days; classes for dedicated terminal users are five days.2

DROLS Retrieval training for fiscal year 1984 consisted of 240 people
receiving dial-up training and 57 receiving dedicated training.3
- In February 1983, DTIC Project 190.02 was established entitled
3 "Computer—Assisted Instruction (CAI) in DROLS Retrieval,” The objectives of
.j%, this project were to:
;ti A, Provide a capability for presenting and preparing computer-assisted
instruction in DROLS retrieval,
- B. Develop two prototype courses.

According to Project Leader Richard Thornett, the intent of the CAI
project was to serve several functions: 1. It was to present an
!! introductory overview of DROLS before new users attended classroom training
at DTIC or regional locations. 2, 1t was to provide more experience DROLS
:ﬂ{ ugers or users familiar with information retrieval systems with a means to
‘!g‘ supplement or refresh their knowledge of the DROLS system and its

databases.?
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The progress of the project thus far has been:

A. Two versions of a PILOT interpreter for presenting the CAI were %
developed: One runs on the DTIC-ADPE Time Sharing Service hosted by the

UNIVAC 1100/61 computer, the other runs on IBM microcomputers and some

compatibles. PILOT, a common CAI language, was the authoring software used
to write DTIC's CAI,

B. The first prototype course, “Introduction to DROLS Retrieval” (75%
completed in—house at DTIC) is currently being improved and completed with
the assistance of a contractor. The second course, "Retrieval from the DROLS
Technical Report Data Base” will be developed if funding is restored. Under
contract terms the contractor is writing instructional objectives for both
courses and assisting in completing the first course.? This paper will
examine only an advanced draft of the DTIC in-house developed version of the

course “"Introduction to DROLS Retrieval,”
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NS PURPOSE OF THIS PAPER

Learning an online information retrieval system, particularly one as
:l: complex as DROLS, can be a difficult task-- as online searching "is probably
as complex a task as 1s being assisted by computer cOday."6

Assisting learning processes through CAI should also be approached with

IO PSP L ) R

" caution. As Roblyer points out, in our zeal to use CAI we have been guilty

of an uncritical approach to computer use. “"The result has been an iuncrease
in computer-related activity but with little accompanying progress in
determining what works, what doesn't, and why."7

It is the overall purpose of this paper to examine how humans learn
online information retrieval systems; how DTIC's CAI tutorial can best be
utilized in this process; and how DTIC's CAI course, "Introduction to DROL'S
Retrieval” can best be designed for this process. The intent of this
‘-\ research is to maximize the benefits of CAI to DTIC, thus saving time and
effort which would otherwise be spent in "reinventing the wheel."

The purpose of this paper, then, is threefold:

1. To state present learning theories associated with learning online
information retrieval systems.

2, To review learning theory and its applications for DTIC's CAL.

3. To critique the present DTIC in-house developed version of the CAIL
course “"Introduction to DROLS Retrieval” by utilizing and summarizing major
principles of CAI instructional design., This critique will recommend areas
:j‘ for possible improvements or modifications. Findings from this critique may

be helpful in modifying the present course or developing future CAI courses.

2 Subject matter and content analysis will be deemphasized in favor of

R

examining the instructional design of the CAI itself,

-5~




METHODOLOGY

This paper was developed by the following procedures:
1. A literature review was conducted by searching the online databases

ERIC and Library and Information Science Abstracts (LISA). The following

printed indexes were also examined: Computer Literature Index, Government

Reports Announcements and Index, and Library Literature. Other sources or

materials recommended through interviews were also examined. The literature
review was limited to the last three years in order to focus on current
regsearch. This was not an exhaustive, comprehensive literature review due to
time and resource restrictions.

2, Interviews were conducted with DTIC personnel and outside sources.

3. DTIC's in-house developed version of the CAI course "Introduction to
DROLS Retrieval”™ was reviewed and examined by using a dial-up terminal in
DTIC and accessing this course through the UNIVAC 1100/61 computer. A paper

printout of the PILOT program was also examined.
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ASSUMPTIONS

For purposes of this paper an online information retrieval system is
defined as: A system capable of supporting a human—computer interactive
process in which the user is in direct communication (online) with a database
and a computer on which it is loaded. Typically, the searcher uses a
keyboard to communicate with the computer through a series of typed commands.
The computer acts on these commands, retrieving and displaying the data
requested usually on a video terminal or a printer device. Results may be
manipulated by the searcher so that final results will b= printed or
displayed in a specified format.8

It is assumed that DROLS represents a typical online information
retrieval system and that research examining such systems can be studied for
useful applications to the DROLS system.

A simplified method for accessing, searching, downloading and post-
processing information from DROLS is currently being researched through a

federal interagency project called the Defense Gateway Information System
(Gateway). This Gateway refers to a concept which would allow a searcher to
use one simple command system to access, search, download, and post-process
information from a variety of databases of interest to the Department of
Defense Research, Development, Test and Evaulation community. Features of
the Gateway are presently being evaluated by selected Department of Defense
users.

For purposes of this paper it is assumed that full {mplementation of
Gateway features will be a future development. That is, for many years to
come there will be a continued need to train users to access and search
DROLS. Users may also want to continue to search DROLS directly.
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LEARNING THEORIES ASSOCIATED

WITH ONLINE INFORMATION RETRIEVAL SYSTEMS

A learning theory can be defined as "the formulation of the laws and
conditions of learning."9 Over the years, the process of learning has been
investigated primarily by psychologists seeking to explain how learning
occurs. Learning theories usually construct the structure and events (w:fch
are generally thought to happen in the central nervous system) which result
in the observed behavior known as learning. Theories are usually tested
under controlled observations and under a wide variety of conditions.10

Learning theories are important because they serve as the basis for
instructional theories which, in turn, "identify conditions that will
optimize learning."11 In other words, “"designed instruction must be
based on knowledge of how human beings learn."12

Yet, studies which approach this topic through research in human-computer
interaction are very complex and difficult to organize.13 A number of
researchers have written about the complexity of learning online information
retrieval systems and the problems involved.

Borgman produced a major review of studies which examined the users nf
interactive computer systems focusing on psychological theory and method.
Psychology was defined for Borgman's review as the study of human
behavior—-—-that is, the mental and behavioral characteristics of humans as
they interact with computers. Borgman states that most of the research is
based on cognitive psychology.la This branch of psychology seeks to

emphasize how humans internally store and access data.

-11- e e
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Borgman reports very little research which applies learning theory to
online information retrieval systems. Much of the applied psychological
research has tended to concentrate on individual differences, error behavior,
and psychological models. Psychological models can be categorized into three
types: models of human performance; conceptual models of a system presented
to the user by a designer, researcher, or trainer; and mental models of a
system formulated by the user, 13

Bates reports that there is only an elementary understanding of the
search process. Furthermore, there is no agreement about how searches should
be conducted or the implications of psychological processes in learning
online searching.16

Meadow views online searching as a complex task which: "(1) Does not
follow a well-prescribed sequence of events, (2) is difficult to determine
the success of while it is going on, and (3) is highly language
dependent."17 He further states that there 1s no well-developed theory
or model of a search. "Search technique is largely heuristic based on ideas
that seem to work but are not formalized into a cheory."18

Fenichel's analysis of online searching research concludes that
experienced searchers were not fully utilizing the capability of online
systems and that developing adequate strategies was the problem.19

Without a learning theory base, models are usually intuitively developed
as ad hoc models of human cognitive processes. These process models help
offer a better understanding of how human cognitive processes might
function.20

There are a number of models of how learning might happen in learning
online information retrieval systems. As noted, Borgman's review indicated
that models research can be broken into three categories. Some of the models

-12~
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three categoriles:
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Ingwersen outlines a "cognitive information retrieval model” which

Aot

.

explains how searchers interact with an information retrieval system. This

- model draws on cognitive science (described as a blend of psychology,
linguistics, and artificial intelligence) as well as perception, problem
N solving, learning, and cognition. Yet, how this model translates into
instructional theory is not mentioned, 2l
Marcus' model of the search process includes these five elements:
1. Formalized problem representation.
2. Search strategy formulation.
= 3. Execution of search strategles.
! 4, Evaluation and estimation measures.
5. Search reformulation,
Each element is further explained and subdivided into its component
= tasks., 22 Although Marcus' model i3 designed for an enhanced assistance
system which would help users automatically operate and access online
- information retrieval systems, it seems likely that this model could also be
g useful in teaching online information retrieval systems, drawing as it does,
- on human expert intermediaries.
Toliver describes online searching as a mixture of factual knowledge and
- ' intuitive skills: There must be a knowledge of the subject area,
intellectual and mechanical knowledge of constructing a retrieval strategy,
o and knowledge of design philosophy and approaches taken by the information

. retrieval systems. Teaching approaches have usually incorporated rote

3
.

vy
o
St

learning, training courses, manuals, and practice at a terminal,
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Huq states that the search process must progress through four stages or
phases that must be completed in exact order:

1. Confidence Phase. The user must become familiar with computer
operations, computer jargon, and searching terminology.

2. Insight Phase, The user begins to understand how to interact with
the computer, and how the information is retrieved. There i8 also
understanding of the form in which information will be presented.

3. Discovery Phase. The user's understanding of the online process is
actually applied to real online searches., Concepts such as vocabulary
control, search strategy, and system capabilities can be applied to real
systems.

4, Negotiation Phase. With an understanding of how the whole process
works the user can then transfer concepts to other databases and attempt more
elaborate searches.Z24

However, the unpredictability of online searching can cause difficulty to
the novice searcher. Virgil suggests that the basic mechanics of searching
should be taught as well as specific plans and approaches should the search
take a different direction. Thus teaching should include a set of alternate
responses to possible search out comes., 23

Borgman states that conceptual-based model training seems superior to
step-by-step training but not for all types of tasks. This means that
training nmethods which use models of the system provided to the user by
trainers, researchers, and designers (conceptual-based models) produce better
results by users than teaching methods which rely on procedural or
step—-by-step instruction without model instruction. However, routine or

simple task training does not require model training.26

-14~
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Although models seem a logical and necessary first step, Bates states 3

. 4
¥y ] that even after years of modeling the search process we still do not a

understand how first-rate searchers achieve their results or how to teach
novice searchers.2’
o~ In summary, learning theory relating to how humans learn online
information retrieval systems has not beea formalized. Without a formalized
learning theory base, ad hoc models are usually developed which seek to
:'4 depict human cognitive processes. Therefore, models are an attempt to
explain how learning might happen.

A number of models seeking to explain how humans learn online information

retrieval systems have been developed over the years. Researchers such as

_; Ingwersen, Marcus, Toliver, and Huq have developed models. However, there
;f; appears to be no agreement on the “"best” model to depict how humans learan
;7 online information retrieval systems.
S
:: ‘ [
)
.
. ;'
»
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LEARNING THEORY AND COMPUTER-AIDED INSTRUCTION

If a learning theory for online information retrieval systems could be
formally developed then the next step could follow: Steps in the learning
sequence could be matched with the most appropriate CAI. That is, each type
of CAI has a different purpose and, hence, use, 28 The computer is not
suitable for all learning outcomes, but it can be effectively used for many
learning out comes . 29

A number of researchers have identified the various types of computer-
aided instruction and the types of skills and practical applications best
taught by these types.3° The three most common types of CAI and
applications are:

1. Drill and Practice. A program in which rote information 1is
practiced. The computer presents the student with exercises/problems which
the student must perform and solve. Reinforcement is provided. These
programs are intended to supplement other iustructional methods by
teaching basic knowledge. This is the most frequently used and least
sophisticated type of CAI.31 For online instruction, drill and practice
CAL can be used to practice knowledge of command language.32

2, Tutorial. A program of interactive instruction of new material which
consists of a dialogue between computer and learner. Information 1s
presented, questions are asked, responses are given, and feedback is
provided. Progress through the lesson can be controlled by student response
or computer controlled branching. The types of skills
(procedural knowledge perfected through practice) or knowledge (facts and
relationships among facts) best taught are: concrete concepts, abstract

-17-
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concepts, rules and principles and their application, problem solving, and
skill modeling. These terms will be defined in the following pages.

3. Simulation. An interactive program which models or imitates a real
situation or phenomenom, The student uses the simulation to solve or analyze
problems, learn procedures, operate or repair models of complex equipment,
control phenomena, and learn actions to take in different situations.

Simulations differ from tutorials. Tutorials present information and
guide the student through initial use of the information or skills. Usually
this is accomplished through a question—-answer format. A simulation, on the
other hand, allows the student to actually perform an action in a context
similiar to the real situation., Simulations provide feedback of the
learner's chosen actions on the problem.

Simulations are most effectively utilized after basic principles and
concepts are learned so that meaningful problems can be presented.33 In
online instruction, simulations have been used for representation of real
searches, demonstrating search strategies, and allowing user interaction. The
major disadvantage is that search strategies must be heuristically developed
by only replicating a small part of what a real system would do. 34

DTIC's Tutorial

DTIC developed its in-house version of the course "Introduction to DROLS
Retrieval” using PILOT authoring language software. (A CAI authoring
language is a programming language specifically designed to include commands
useful for CAI,) PILOT supports a tutorial approach to CAI although the
types of CAI are not mutually exclusive. For example PILOT can present
simulations such as DROLS responses to user input--that is, a simulation of a
DROLS screen. Drill and practice programs can also be included. However,

PILOT is best suited for tutorials without the full software capabilities

-18-
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necessary to create simulations.>5 Because DTIC's CAI supports a
tutorial approach to learning, this approach will be examined more
carefully.

Tutorials can best be used to teach these knowledges and skills: Concrete
concepts, abstract concepts, rules and principles and their applications,
problem solving, and skill modeling. These terms are defined as follows:

l. Concrete concepts are some particular class of objects, events, or
relations which can be clearly pointed to when defined. For example, birds,
chairs, or planes are concrete concepts.

2. Abstract concepts cannot be clearly pointed to but are defined
through acquired meaning. For example, justice, peace, and love are abstract
concepts.

3. Rules are specific relationships between stimuli usually performed
with regularity. For example, the rule for approaching a freeway from an
access road states that the driver on the access road shall yield to freeway
drivers,

4, Principles are the laws by which a thing operates or the method of a
thing's operation. The principle of the conservation of energy is an
example.

5. Problem solving is the application of rules or previous learning to
an actual or represented problem situtation not previously encountered. For
example, "How can oceans be effectively cleaned after oil spills?”

6. Finally, skill modeling is the process of establishing a new skill by
presenting essential or selected parts of the skill to be learned.

All of these skills and knowledges are taught by applying established CAI
presentation techniques which vary according to the type of skill or
knowledge taught., There is a body of research which describes CAI

-19-




presentation techniques in more detail. The reader is referred to books by
Alessi and Trollip, Steinberg, or Gagne and Briggs for further information.
All book titles are mentioned in this paper's selected bibliography.

The following 1s a greatly simplified outline of the process of
incorporating skills and knowledges into CAI:

1. The process begins by analyzing "what" is to be taught (determining
course content) and stating in precise terms what is to be taught and under
what conditions, This is usually accomplished by the method of writing
"instructional objectives.”

2. Instructional objectives can be analyzed in order to determine the
types of knowledge or skills they represent. Once a determination is made of
the type of knowledge or skills to be taught proper CAIL presentation
techniques can be utilized.

In reality, this is a complicated procedure. In the literature examined
for this paper no attempts were found to fully analyze online information
retrieval systems by labeling the types of knowledge or skills necessary for
the user learning a system. An outside contractor is currently writing
instructional objectives for the course "Introduction to DROLS Retrieval,”
These instructional objectives could be analyzed in order to determine the
type of knowledge or skills represented., As mentioned in the third section
of this paper (Instructional Design Principles in DTIC's CAI Tutorial) areas
of the CAI tutorial design could be based on this analysis,

In summary, the three major types of CAI are Drill and Practice,
Tutorials and Simulations. Skills and knowledges to be learned should be
matched to the most appropriate type of CAIL if effective learning is to be

achieved.
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INSTRUCTIONAL DESIGN PRINCIPLES IN DTIC'S CAI TUTORIAL

This portion of the paper will examine DTIC's in-house developed version
of the CAI tutorial entitled "Introduction to DROLS Retrieval.” This course
presently consists of sixteen lessons which represent an overview of DROLS,
its databases and command language. The course emphasis is on DROLS
commands.

Principles of instructional design for CAI tutorials as presented by
Alessi and Trollip will be examined. Suggestions for improvements or
modifications of DTIC's tutorial will be listed as comments under each
principle. The term "instructional design principles” 1is used here to refer
to those factors which affect a CAL program's appearance and its educational
quality.

Other factors important to this evaluation should be noted:

1. Subject matter (i.e. actual course content about DROLS) was not
evaluated for accuracy or reliability., The intent was to examine the
principles of instructional design as they apply to DTIC's CAI tutorial.

2, While all key principles of instructional design as listed by Alessi
and Trollip were examined, this evaluation emphasizes those which could
contribute to improvements or modifications of the present CAI tutorial or
prove helpful in designing future CAI courses. For a full listing of
principles of instructional design for CAI tutorials the reader should
consult this paper's selected bibliography for books by Steinberg or Alessi
and Trollip.

According to Alessi and Trollip, instructional design principles can be
applied to several main areas within a CAI tutorial,36

Seven areas,

on the next page, will serve as the outline for this evaluation:

-21~

R UL SRS
WIS DR T P P P




TR R
AL

oy

Ot
v

k)
Il

?

el 20 Lo a4
P T B S

P .
oy R RN
P - e P

U
i .
“ 2 a

LR A% 2 an AN gu 20 ]
v e e
’ .

.

l. Introduction of the Lesson

2. Presentation of Information
3. Questions and Responses

4, Judging Responses

5. Remediation

6. Sequencing Lesson Segments

7. Epnding the Tutorial

l. Introduction of the Lesson

a. The title page should include title of lesson, author, date, and
possible copyright date.

Comment: Only the title is presented in DTIC's course. The author and
date may be added.

b. Objectives or lesson goals should be stated. Objectives usually
indicate what the student is expected to learn by the end of the lesson.
Objectives may be short statements of expected learning (for example, "In
thigs lesson, you will learn how a lake is formed.") or more elaborate
statements called "instructional objectives.” Instructional objectives
congist of three parts: A statement of the conditions under which the
behavior will occur, a description of the behavior, and a criteria for
acceptable performance. For example, "When presented with 50 addition
problems, the student will correctly solve 40 of them within 20 minutes.”
Presenting the objectives or instructional objectives usually enhances
learning by focusing the student's attention on what is to be learned.
Objectives should be stated at the beginning of the lesson,

Comment: The overall goals for the entire course are listed, but

objectives for each individual lesson which comprise this course are omitted.
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However, instructional objectives are currently being developed for this
course by a contractor. Each lesson in DTIC's course is comprised of a
section, then a unit. Objectives should be developed at least at the lesson

level for students.

ce Directions for entering, exiting, moving through the lesson, and
knowing how to enter responses should be clearly stated and available at all
times.

Comment: Directions are encountered after the fifth short unit of the CAI
course; they should be given earlier, if possible. Help displays could be
used to list a summary of user commands(GOTO, STOP, etc.) and directions.

d. Other conditions of the program, its target population and designated
implementation, should be stated in the CAI introductory lesson or in
accompanying printed material,

Comment: The target population should be clearly identified. DTIC'S CAI
course mentions four groups of users who might benefit from the course:
Beginning users before a formal DROLS retrieval presentation; searchers
experienced in retrieval seeking to learn DROLS; previous DROLS trainees
needing refresher training; and managers seeking an overview of DROLS in order
to determine possible benefits to their organizationm.

Because of the amount of detail about DROLS and the length of the course,
the present CAI is probably best suited for intermediaries (people who search

the system for others) or more advanced end users. Although managers seeking

A.._ overviews are listed as part of the target population, current research shows
that materials should be designed differently for end users than for
intermediaries., Overviews for managers should stress:

ii‘ o Broad conceptual ideas about how information can be used to solve

managerial problems (applications orientation).
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o Concepts about the system rather than its commands.

o A variety of approaches to gain their attention.37

Also, because the course requires several hours to complete and covers so
much DROLS content, beginning users might feel overwhelmed. As part of the
evaluation process for this CAI course, feedback from beginning users should
be assessed. Course content modification, or perhaps a simplified version of
the DROLS overview, could be developed specifically for this group of users
if feedback warrants this conclusion. Any information about possible future
courses, the cost of using the CAI, a phone number for help in solving
problems, etc. should also be mentioned.

e. Supplementary materials, if required, should be stated.

Comment: The DTIC CAI course makes reference to other DTIC developed

materials such as the DDC Retrieval and Indexing Terminology (DRIT) and the

DROLS Diverse Dial-Up Reference Guide. All supplementary materials which are

necessary when using this CAI should be listed and supplied.

2, Presentation of Information

a. Modes of presentation should ideally be varied and include, 1if
possible, text, graphics, and sound.

Comment: DTIC's CAI does not include graphics or sound due to
hardware/software limitations imposed in order to accomodate the needs of a
wider user community.

b. Layouts of material within screen displays should be consistent and
attractive.

Comment: This is true throughout most of the lessons. However, the
simulation of the DROLS screen should be indicated wore strongly. At times
the DROLS simulated screen was integrated with the CAI instructions making it
difficult to determine when a line of information represented the DROLS
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screen or the CAI text. Clearly marking a DROLS simulated screen would help
end this confusion.

¢« Scrolling should be avoided. This refers to material which does not
stay on the screen long enough for the student to read it,

Comment: There are several instances when text scrolls off the screen.

d. Appropriate presentations should be used for presenting concepts,
rules and principles, and skills. For instaance, research indicates that
concepts should be taught by first presenting the relevant characteristics
that define the concept followed by examples of that concept. For example, a
triangle has three angular sides joined together which total 180 degrees.
Next, simple noninstances of the concept are presented. Is a four-sided
figure a triangle? More difficult examples of the concept along with more
difficult noninstances are then presented. For example, within a grouping of
a square, rectangle, and acute triangle, pick out the triangle.

Comment: As stated earlier in this paper, presentation priunciples
are beyond the scope of this paper. Reference should be made to the
appropriate books mentioned earlier when formulating presentations for
knowledges and skills,

e. Thematic prompts should be used when possible. A thematic prompt is
a cue related to the theme or topic of the presentation and is used to guide
and give hints to the student. For instance, a prompt for a lesson about ice
cream may say “Try again. The answer is an ingredient.”

Comment: The prompts are varied throughout DTIC's tutorial., Many offer
encouragement or acknowledgement. For example, "Good, let's try another.”
Thematic prompts are also found. For example, the learner 1s asked to
construct a simple search in the Technical Report File., If an answer is
incorrect the prompt says, "Did you begin and end with the @ character?”.
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In many instances the prompt gives the correct answer. "You forgot the
$SSSSON. "

f. Jargon should be avoided.

Comment: There are several instances in the tutorial when jargon 1s used
or words are used without being defined.

g. Help screens should be provided. Help screens are usually of two
types: procedural and informational. Procedural help refers to help in
operating the CAI lesson; informational help refers to assistance with the
content being studied,

Comment : Help screens are being planned for the present DTIC CAI
course, Two help screens which would be helpful are: A listing of all the
user commands (i.e., COMMENT, SHOW, GOTO, TIME, WAIT, and STOP) with a brief
definition of each and a listing of all the course lessons which can be
quickly viewed without the need to use commands or course numbers,

3. Questions and Responses

a. When possible, questions should test comprehension of material,
Questions in tutorials usually follow two forms:

1. Alternate-response questions (i.e., True/False, matching, and
multiple choice) in which the student chooses the correct answer from a list.
For the CAI author, these questions are harder to write and easier to judge.
These questions test recognition of the correct answer.

2. Constructed-response questions (i.e., completion, short-answer,
essay) in which the student produces a response. When compared to
alternate—~response questions these questions are easier to write and harder
to judge. These questions primarily test recall of what the proper answer
should be,

Testing recall or recognition alone 1s incomplete. Comprehension, or
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testing the understanding of the meaning should be the primary aim of

questions. Comprehension can be tested by asking these types of questions: :

o Paraphrase. Replace important words with similiar words.,

o New Applications, A rule or principle is applied to a new
situation. For example, if a rule for ordering documents is discussed a new :
application might include ordering microfiche.

o Categorical questions. Rules or principles are applied to
subordinate or superordinate classes. If a lesson has presented information
about photosynthesis in a plant a superordinate question would ask about
photosynthesis in the plant kingdom, while a subordinate question would ask
about photosynthesis in a simpler plant.

Comment: The present CAI course asks many true/false, and matching
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questions. While some of the questions test comprehension by applying new
applications to previously learned wmaterial, more comprehension type 1

questions should be formulated,

o e e

b. The response prompt for questions should be below the question, in

d

the left wmargin, 5

c. Students should be allowed more than one try to answer a question. i

N

Comment: In DTIC's tutorial most questions allow only one try before the %

correct answer is given, %

d. A correct answer should not be required in order to proceed. }

3

Comment: In several instances the program would not proceed unless a j

. definite correct answer was given. -
. A
;- e. Response formats should give hints to the student about the expected i
;> form of response. %
:6 Comment: In several instances the expected format of the response was no ;
b -
-
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clear, If there is a chance of ambiguity, the question followed by the

expected form of response in parenthesis should be given. For example:

Which of the following equals 11? (a, b, or ¢)

Qe 5+6
b. 1/2 x 24
Ce 5+4+2+5

f. Questions should appear after or below lesson information on a
particular display. Research indicates that questions asked after material
presentation facilitate learning of all previous material,

Comment: DTIC's tutorial usually follows this principle, presenting
questions after or below material which has been displayed.

4, Judging Responses

Judging response is the process of evaluating an answer or response in
order to give feedback to the student.

a. In judging responses, different word order, synonyms, or spelling
variations from those expected should be allowed. Correct and expected
incorrect answers should be allowed.

Comment: In general, DTIC's tutorial requires a correct answer as
determined by the program. Variations in responses, such as synonyms or
spelling variations would produce an incorrect answer prompt.

b. The student should be given as much time as desired for responses,

Comment: Five minutes are allowed before a warning message appears 1if
time exceeds that limit. However, time can be extended as necessary.

ce If a student decides not to give a response or is confused, help or a
chance to escape should be allowed,

Comment: In the present tutorial there are no help screens and no
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established procedures to escape. However, as mentioned earlier help screens
are being planned.
5. Remediation

Remediation refers to the presentation of additional information to the
student who is not effectively learning. There are usually two remediation
techniques: repeating information already seen and restating information in a
new or simpler version.

Remediation should be recommended to the student if there is continued
poor performance,

Comment: The present DTIC course suggests lessons to be repeated if
individual lesson responses are incorrect.

6. Sequencing Lesson Segments

Sequencing lesson segments refers to the order in which the lessons are
presented. There are usually two methods of sequencing. In linear
sequencing, lessons are presented in a preset, assigned order, and the student
must go through lessons in the exact order indicated. In branching
sequencing, the sequence may be altered by the student or by student
performance.

a. The overall sequence of lessons should be hierarchical or based on the
difficulty of the lessons,

b. Branching sequencing should be favored over linear sequencing.

Comment: DTIC's course provides for branching sequencing controlled by
the student.

c. Mature students should be allowed to control sequence of the lesson.

Comment: DTIC's course allows students to sequence lessons through the

use of a GOTO command.
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d. The student should be allowed to abruptly end the lesson.

Comment: DTIC's course allows the student to use the STOP command to end

the lesson at any time.

7. Ending the Tutorial

a. The student should know the procedures for temporarily ending a
tutorial.

Comment: The beginning lesson in DTIC's course tells the student to unote
the unit number being studied if the student wishes to stop now but proceed
at a later time.

b. A final message should make the end obvious to the student.

Comment: DTIC's course displays a message which signals the end of the

course.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions and recommendations can be formulated for each of the three

areas discussed in this paper:

Learning Theories Associated with Online Information Retrieval Systems

Conclusions: Based on the literature review and interviews with
researchers in this area, it is concluded that there has been only sparse
reasearch in learning theory associated with online information retrieval
systems. Because of the absence of learning rheory, models of how learning
might occur usually develop on an ad hoc basis. Models are one of the methods
that can be used for understanding how humans learn.

Recommendations: The practical dilemma remains: If there is a lack of

learning theory which serves as the basis for formulating methods of
instruction, how should training methods proceed? This question was posed to
Borgman during a recent interview in order to formulate recommendations to
overcome this problem.38 Recommendations are as follows:

1. Models, such as those presented in this paper, should be examined.
Those which best fit user and system needs should be "borrowed"” for use.

2, Models can be developed following user recommendations and system
requirements. Trainers, along with more experienced users of the system are
ideal candidates to help formulate such learning models. User input was
stressed as a very important factor in developing such models.

3. Current research should be monitored for practical applications.
Specifically, the author of this paper recommends that DTIC follow a model for

learning online information retrieval systems and incorporate CAI within this

model, Huq's model, discussed earlier in this paper, is well-suited for this
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purpose. As noted earlier, it consists of four phases:

l. The Confidence Phase during which the user must become familiar with
computer operations, computer jargon, and searching terminology.

2. The Insight Phase during which the user begins to understand how to
interact with the computer and how the information is retrieved. There is
also an understanding of the form in which information will be presented.

3. The Discovery Phase during which the user's understanding of the
online process is actually applied to real online searches. Concepts such as
vocabulary control, search strategy, and system capabilities can be applied to
real systems.

4, The Negotiation Phase during which the user understands how the whole
systems works and is able to transfer learning to other databases and attempt
more elaborate searches.

Depending upon user needs, CAI could be used for phase 1 and 2 while
phases 3 and 4 could be approached through the classroom "hands-on" training.
Whichever way the CAI is developed, it 1is strongly recommended that users have
input into the CAI development process.

Learning Theory and Computer Aided Instruction

Conclusions: There are three major types of computer aided ianstruction:
drill and practice, tutorial, and simulation. Each type of CAI has a
different purpose and, hence, a different use. The type of CAI used should
match the appropriate knowledge and skills which are to be taught.

Tutorials best support instruction of concrete concepts, abstract
concepts, rules and principles and their applications, problem solving, aand
skill modeling. Simulations are best used after basic principles and concepts

are learned.

The presentation of knowledge and skills by CAI tutorials will vary




according to the type of skill or knowledge to be represented. Course content ol
can be analyzed through a method which requires writing instructional
objectives,

Recommendations: It is recommended that DTIC's tutorial approach to

online instruction support those types of knowledge and skills identified by -
the research. That 1is, a tutorial can best support instruction of concrete A
concepts, abstract concepts, rules and principles and their application, -
problem solving, and skill modeling. In order to accomplish this task, the
instructional objectives, currently being written by an outside contractor,
should be analyzed in order to determine what type of knowledge or skill is
represented in the instructional objectives. CAI presentations should then be
based on the types of knowledge or skills identified. g

Instructional Design Principles in DTIC'S CAI Tutorial "

Conclusions: Several researchers have defined principles of inmstructional
design which should be applied to CAI tutorials, This paper evaluated an
advanced draft of DTIC's CAI in-house developed version of the course
“Introduction to DROLS Retrieval“ by examining seven broad areas. It was
concluded that some of the instructional design principles could be improved
or modified to produce a better CAI tutorial. These conclusions were noted as
"Comments”™ uuder each of the priaciples that was discussed.

Recommendations: It is recommended that DTIC examine the modifications t}

and improvements suggested through this evaluation and incorporate those which S

would be feasible at this stage of project development.
The more important instructional design principles which should be

incorporated in DTIC's tutorial ianclude:
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1. Objectives or lesson goals should be stated.
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2, The target population should be clearly defined and the tutorial E

should be designed for the defined target population. ;

3. Help screens should be provided. E

4, 1f a student decides not to give a response or is confused, help #

should be available or a chance to escape allowed. i

5. Supplementary material, if required im the CAI, should be stated. ;

6. When possible, questions should be constructed to test comprehension 3

of the material. }

i

-34-

L) E
>



[ Pos S L X

--.‘ 1“

ot o M~ A s A= S S i i e b s i i - - e g ey g i afdr e i JAIC adi - i~ a = i e ) SiRaitir ol

FOOTNOTES

ly,s, Department of Defense, Defense Technical Information Center,
Organization, Missions, and Functions, DTIC-M 5810.1 (May, 1982), p. 4.01.

2Interview with James DePersis, Technical Information Specialist
(Physical Sciences), Defense Technical Information Center, Alexandria,
Virginia, 30 May 1985.

3u.s. Department of Defense, Defense Technical Information Center,
Office of User Services, “"Annual Historical Summary,” Alexandria, Virginia,
March 1985, (Typewritten)

4Interview with Richard Thornett, Computer Scientist, Defense
Techaical Information Center, Alexandria, Virginia, 8 April 1985.

5u.s. Department of Defense, Defense Technical Information Center,
“710.10 Computer—Aided Iastruction,” 1983-84, (Typewritten file)

6Charles T. Meadow, "The Computer as a Search Intermediary,” Online 3
(July 1979): 54,

M.D. Roblyer, “The Greening of Educational Computing: A Proposal for
a More Research~Based Approach,” Educational Technology 25 (January 1985):
40.

8F, wilfrid Lancaster, Information Retrieval Systems:
Characteristics, Testing and Evaluation. 2nd Ed. (New York: John Wiley and
Sons, 1979), pp. 70-72,

93.p. Chaplin, Dictionary of Psychology, (New York: Dell Publishing,
1975), p. 284,

10gobert M. Gagne and Leslie J. Briggs, Principles of Instructional
Design, 2nd ed. (New York: Holt, Rinehart and Winston, 1979), p. 6.

llgobert M. Gagne and Walter Dick, "Instructional Psycholgy,”
American Review of Psychology 34 (1983): 264.

12Gagne and Briggs, Principles of Instructional Design, pp. 16-17.

13christine L. Borgman, "Psychological Research in Human-Computer
Interaction” in Annual Review of Information Science and Technolggz (ARIST),
Vol. 19, 1984, ed. Martha Williams (New York, Knowledge Industry
Publications, 1984), p. 34.

141b1d. ,pp. 34-35.

15Borgman, "Psychological Research ia Human-Computer Interaction,”
ppc 33-52.
30-

-35~

7~

[N e
F I )

"~
DN



P SN TN Me e e e e U TR T T TN TR W g T T

16Marcia J. Bates, “Search Techniques,” in Annual Review of
Information Science and Technology, Vol. 16, 1981, ed. Martha E., Williams
(New York, Knowledge Industry Publications, 1981), pp. 139-169.

l7Meadow, "The Computer as a Search Intermediary,” p. .
18Meadow, "The Computer as a Search Intermediary,” pp. 54-56.

19carol H. Fenichel, "The Process of Searching Online Bibliographic
Databases: A Review of Research,” Library Research 2 (1980): 107-127,

207w, Rigney and A. Munro, "Learning Strategies,” in Computer—Based
Instruction: A State—of-the—Art Assessment, ed. Harry J. O'Neil, Jr. (New
York: Academic Press, 1981), pp. 139-142,

2lyalcer Ingwersen, "A Cognitive View of Three Selected Online Search
Facilities,” Online Review 8 (October 1984): 465-491,

22pjchard S. Marcus, "Computer—Assisted Search Planning and
Evaluation,” in Productivity in the Information Age: Proceedings of the 46th
ASIS Annual Meeting Washington, D.C., October 2-6, 1983 (New York: Knowledge
Industry Publictions, 1983): 19-21,

23p,E, Toliver, "OL'SAM: An Intelligent Front-End for Bibliographic
Information Retrieval,” Information Technology and Libraries 1 (December
1982): 317-318.

245 M.A. Huq, "The Challenges, Rewards and Pitfalls in Teaching
Online Searching,” Proceedings From the Mid Year Meeting of the American
Soclety for Information Science, 1983, May 22-25, Lexington, Kentucky (ERIC
Document Reproduction Service No, ED 235 811), p. 1-9,

25peter J. Vigil, "The Psychology of Online Searching,” Journal of
the American Society for Information Science 34 (July 1983): 281-287.

26Borgman, “Psycological Research in Human Computer Interaction,”
p. 38.

27Bates, "Search Techniques,” p. 154.

" 28Mary H, Manion, "CAl Modes of Delivery and Interaction: New
e Perspectives for Expanding Application,” Educational Technology 25 (January
. 1985): 26,

r
]
r 29%atricia L. Smith and Barbara A. Boyce, "Instructional Design
. Consideratons in the Development of Computer-Assisted Instruction,”
&* Educational Technology 24 (July 1984): 5.




301bid., pp. 5-10,

Stephen M. Alessl and Stanley R. Trollip, Computer-Based Instruction:
Methods and Development (New Jersey: Prentice-Hall, 1985), pp. 65-66.

Manion, "CAIL Modes of Delivery and Instruction,” pp. 25-28.

Margaret E. Bell, "The Role of Ingtructional Theories in the Evaluation
of Microcomputer Sourseware,” Educational Technology 25 (March 1985): 36-40.

31Manion, "CAIL Modes of Delivery and Interaction,” pp. 26-27.

32Robin F. Guy, "Training Aids for Online Instruction: An
Analysis,” paper presented at the 7th International Online Information
Meeting, London, England, December, 1983. (ERIC Document Reproduction
Service No. ED 248 900), p. 3.

33yicki B. Cohen, "Computer Courseware Development and Evaluation,”
Educational Technology 23 (January 1983): 9-14.

34Guy, "Training Aids for Online Instruction: An Analysis,”
pPpP. 3-4.

35Tom Conlow, PILOT--The Language and How To Use It, (Englewood
Cliffs, New Jersey: Prentice/Hall International), p. ix.

36Alessi and Trollip, Computer-Bagsed Instruction: Methods and
Development, pp. 65-133.

Esther R. Steinberg, Teaching Computers to Teach, (New Jersey: Lawrence
Erlbaum Associates, 1984), pp. /73-120.

37pamela N. Pritcher, "Strategies for Training the Information End
User: Training the Manager How to Use Information,” in National Online
Meeting, 1985, Proceedings of the Sixth National Online Meeting, New York,
April 30-May 2, 1985, comp. Martha E, Williams and Thomas H. Hogan (New
Jersey, Learned Information, 1985): 365-376.

38Telephone interview with Dr. Christine Borgman, Assistant
Professor, Graduate School of Library and Information Science, University of
California at Los Angeles, 19 June 1985,







Y
-, » B 1 L}

L
<
4

i
-
v

Mgl et 4

L St Sl e gt el Al o sch g0

SELECTED BIBLIOGRAPHY

Alessi, Stephen M., and Trollip, S.R. Computer-Based Instruction: Methods
and Development. New Jersey: Prentice-Hall, 1985,

Bates, Marcia J. "Search Techniques.” In Annual Review of Information Science
Science and Technology, pp. 139-169. Edited by Martha E, Williams. New
York: Knowledge Industry Publications, 1981.

Bell, Margaret E. "The Role of Instructional Theories in the Evaluation of
Microcomputer Courseware. Educational Technology 25 (March 1985):
36-42.

Borgman, Christine L. "“Psychological Research in Human—-Computer
Interaction.” In Annual Review of Information Science and Techology,
pp. 33-64, Edited by Martha E, Williams. New York: Knowledge Industry

Publications, 1984.

Chaplin, J.B. Dictionary of Psychology. New York: Dell Publishing Co., 1975.

Cohen, Vicki B. "Computer Courseware Development and Evaluation,"”
Educational Technology 23 (January 1983): 9-14.

DePersis, James. Defense Technical Information Center. Office of User
Services. Cameron Station. Alexandria, VA. Interview, 30 May 1985.

Fenichel, Carol H, "The Process of Searching Online Bibliographic Databases:
A Review of Research,” Library Research 2 (1980): 107-127,

Gagne, Robert M., and Briggs, Leslie J. Principles of Egstructional Design.
2nd ed. New York: Holt, Rinehart and Winston, 1979,

Gagne, Robert M., and Dick, Walter., “Instructional Psychology.” American
Review of Psychology 34 (1983): 261-295.

Guy, Robin F. “"Traiaing Aids for Onlime Instruction: An Analysis.”
Paper presented at the 7th International Online Information Meeting,
London, England, December 1983, ERIC Document Reproduction Service,
ED 248 900,

Huq, A.M.A. “The Challenges, Rewards and Pitfalls in Teaching Online
Searching.” Proceedings from the Mid Year Meeting of the American
Society for Information Science 1983, May 22-25, Lexington, KY.
ERIC Document Reproduction Service, ED 235 811,

Ingwersen, Peter "A Cognitive View of Three Selected Online Search
Facilities.” Online Review 8 (October 1984): 465-491,

Lancaster, F. Wilfrid. Information Retrieval Systems: Characteristics,
Testing and Evaluation, New York: John Wiley and Sons, 1979.

Manion, M.H. “CAl Modes of Delivery and Interaction: New Perspectives
for Expanding Applications.” Educational Technology 25 (January 1985):
25"28-




e an g s

e .
A .

.".

RN A St Tie 2 Buliiindnie §

Marcus, Richard S. “"Computer—Assisted Search Planning and Evaluation.”
Productivity in the Information Age: Proceedings of the 46th ASIS
Annual Meeting. Washington, D.C., October 2-6, 1983. New York:
Knowledge Industry Publications, 1983,

Meadow, Charles T. "The Computer as a Search Intermediary.” Online 34
(July 1979): 54-59,

Pritcher, Pamela N, “Strategies for Training the Information End User:
Training the Manager How to Use Information.” In National Online
Meeting 1985: Proceedings of the Sixth National Online Meeting,

New York, April 30-May 2, 1985, pp. 365-376, Compiled by Martha E.
Williams and Thomas H. Hogan. New Jersey: Learned Information, 1985.

Rigney, J.W., and Munro, A. “Learning Strategies.” In Computer-Based
Instruction: A State-of-the-Art Assessment, pp. 127-159. Edited by
H.J. O'Neil, Jr. New York: Academic Press, 198l.

Roblyer, M.D. “"The Greening of Educational Computing: A Proposal for a More
Research—-Based Approach to Computers in Instruction.” Educational
Technology 25 (January 1985): 40-44.

Smith, Patricia L., and Boyce, Barbara A. “Instructional Design
Considerations in the Development of Computer-Assisted Instruction,”
Educational Technology 24 (July 1984): 5-11,

Steinberg, Esther R. Teaching Computers to Teach. New Jersey: Lawrence
Erlbaum Associates, 1984,

Thornett, Richard. Defense Technical Information Center. Information
Systems and Technology. Cameron Station. Alexandria, VA. Interview,
8 April 1985.

Toliver, D.E. "OL'SAM: An Intelligent Front-End for Bibliographic
Information Retrieval.” Information Technology and Libraries 1
(December 1982): 317-326.

U.S. Department of Defense, Defense Technical Information Center.
Organization, Missions, and Functions. ODTIC-M 5810.1 (May 1982).

Vigil, Peter J. “The Psychology of Online Searching.” Journal of the
American Society for Information Science 34 (July 1983): 281-287.

40~

Lo




MoAad Wi i Mad G Gl Ani Mt sl Sl sedl ba Sadk St

ACKNOWLEDGEMENTS

The author would like to thank the following people for useful
discussions and kind assistance:

Dr. Christine Borgman, University of California at Los Angeles
Ms. Ann Caputo, DIALOG

Mr. James DePersis, DTIC

Ms., Margaret Duvall, DTIC

Ms. Dena Gordon, Data Courier, Inc.

Ms. Carol Jacobson, DTIC

Ms. Laurie Lubsen, DTIC

Dr. Charles Meadow, University of Toronto

Mr. Richard Thornett, DTIC

Mg, Jessica Weissman, Booz-Allen and Hamilton, Inc.
Ms. Barbara Wright, Federal Aviation Administration

b
y
"
b .
;,
b
e
-
;“.
p.
. B I A ) . D T TN P R . ) P B R i - )
LR ORI . e I ' BN L L e T S RN T N




ARk D ek i)
T

e et s e -aia e et i it s S SR et it v A i
*i

Lt aby - . .

R AR N A I N

- B LA
e - -t




